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Physical activity (PA) during pregnancy has been shown to be safe and effective
for improving maternal and infant health; however, only 23% of pregnant women
exercise in accordance with guidelines. PURPOSE: To determine if the distribution of
evidence-based educational resources as well as access to community resources will
increase PA levels as well as knowledge/beliefs about PA during pregnancy. METHODS:
Participants (8-12 weeks) completed assessments concerning their activity levels, as well
as knowledge/beliefs regarding PA, during pregnancy. Next, participants were randomly
assigned to either an intervention (IG) or control group (CG). The IG received
educational information regarding PA during pregnancy, as well as access to local fitness
facilities. At the end of pregnancy (32-39 weeks), all baseline assessments were repeated.
RESULTS: Seventy-one women participated in the study (IG: 40, CG: 31). Fourteen
women in the IG utilized PA services (prenatal yoga: 11, gym setting: 6, both: 3). There
were no differences in step counts or knowledge/beliefs regarding PA between groups.
The IG spent less time pushing during labor compared to the CG (p=0.05).
CONCLUSION: The intervention was unsuccessful at increasing PA levels to a
significant degree. Future interventions should be more involved in order to have a
substantial impact on PA-related outcomes; thus, educational materials and community
resources are not enough to increase PA levels during pregnancy.

viii

Introduction
Until the early 20th century, participation in physical activity (PA) during
pregnancy was discouraged primarily due to fear of injury of the mother or unborn child.
Researchers and physicians treated pregnancy like a medical condition in which women
were not encouraged to engage in any form of PA, even those considered leisure-time or
recreational. Since then, clinical research has been conducted to dispel many of the
common myths surrounding exercise during pregnancy. This research has also provided
important information regarding the appropriate amount of activity in order to maximize
safety awhile reaping the benefits of engaging in an active lifestyle (Dempsey, Butler &
Williams, 2005).
PA in all stages of life improves cardiorespiratory fitness, reduces the risk of
obesity and associated comorbidities, and contributes to overall longevity (ACOG, 2015).
There are minimal risks associated with being physically active, even in special
populations such as pregnancy. For women with healthy pregnancies and minimal
complications postpartum, the American College of Obstetricians and Gynecologists
(ACOG) recommend women participate in the same PA guidelines as the healthy general
population, which is 150 minutes a week. For women who have obstetric or medical
comorbidities, it is recommended to be cleared by their obstetrician and follow an
individualized exercise regimen, but many can likely still participate in PA in some
capacity (ACOG, 2015; Artal & O’Toole, 2003).
Pregnancy contributes to many physiological and anatomical changes that have a
substantial impact on all systems of the body, particularly the cardiovascular, respiratory,
endocrine, and metabolic energy systems. Insulin resistance is a normal physiological
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response to pregnancy as a mechanism to spare glucose for the growing baby, thus,
maternal insulin resistance and decreased glycose tolerance is normal but can sometimes
lead to gestational diabetes mellitus (King, 2000). Excessive gestational weight gain is
also a factor contributing to gestational diabetes and other pregnancy complications. If
the mother does not follow the recommended guidelines for gestational weight gain
issued by the Institute of Medicine, there is an increased risk of pregnancy complications
and adverse health outcomes for both the mother and baby (Leddy, Power, & Schulkin,
2008). The prevalence of women entering pregnancy obese is increasing and should be
addressed by all health care providers. Fortunately, adverse maternal and infant outcomes
can be improved by altering lifestyle behaviors, particularly by maintaining a healthy
body mass index (BMI) and reducing excessive gestational weight gain (Dempsey et al.,
2005). One of the best and most practical ways to accomplish this is by engaging in a
physically active lifestyle during pregnancy.
Despite the benefits, only a small percentage of pregnant women report exercising
according to the recommended guidelines (Evenson & Pompeii, 2010). Pregnancy should
no longer be considered a time of caution, but a time to focus on bettering the health of
the mother and baby to the highest extent. Lifestyle behaviors (diet and exercise) are
modifiable factors that can improve the well-being of both mother and baby; thus, they
should be encouraged to all pregnant women, particularly from a medically-informed
source. However, it is unclear whether women are being advised on these factors
(Mottolo, 2003; Leddy et al., 2008). The pregnancy period presents an ideal opportunity
for health care providers to educate their patients on the benefits of exercise. Especially
in rural communities where health care disparities are an issue (ACOG, 2014), an
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intervention to educate pregnant women on the benefits of PA, as well as encourage them
to participate in a healthy, active lifestyle is warranted.
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Literature Review
Physiological Changes in Pregnancy
During pregnancy, women experience significant physiological and anatomical
changes in order to accommodate the developing fetus. These changes impact nearly
every single organ system in the body including the cardiovascular, respiratory,
endocrine and energy systems, and are often significant enough to mimic disease states,
such as cardiovascular disease, respiratory disease, diabetes, and even metabolic
syndrome (Oakley & Warnes, 2007). In most scenarios, these changes are considered
normal responses to pregnancy and resolve shortly after delivery. Most all of these
changes are purposeful and advantageous for the mother and/or baby, demonstrating the
miraculous ability of the female body to adapt to support a pregnancy. The following
subsections will discuss some of the normal physiological changes that occur during
pregnancy in each biological system.
Cardiovascular System
Blood volume, cardiac output, ventricular size and muscle mass, vascular
diameter, and electrocardiogram findings are examples of cardiovascular changes that
result from pregnancy and require adaptation in order to accommodate the fetus. Changes
in cardiac output are noteworthy during pregnancy, largely due to increases in stroke
volume and a less significant, gradual increase in heart rate (Soma-Pillay et al., 2016). By
the 2nd trimester, cardiac output increases by 40%, reaches a threshold by 20-28 weeks
gestation and remains elevated until term (Hall, George, & Granger, 2011; Soma-Pillay et
al., 2016).
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Increases in stroke volume are typically due to structural changes within the heart,
such as increases in ventricular wall muscle mass and end-diastolic volume. End-diastolic
pressure is not significantly increased because of the elevated nitric oxide production that
occurs with pregnancy, which is responsible for increased peripheral vasodilation (SomaPillay et al., 2016; Hall et al., 2011). Blood pressure decreases in the first and second
trimesters, but increases again toward pre-conception levels in the third trimester.
However, chronic poorly-controlled high blood pressure before and during pregnancy
due to unhealthy lifestyle habits puts both mother and baby at risk for complications such
as gestational hypertension (Oakley & Warnes, 2007). To fight off gestational
hypertension in women without pre-existing heart disease, the heart adapts to overloads
in blood volume and heart chamber enlargement (Oakley & Warnes, 2007) in order to
keep blood pressure at healthy levels during pregnancy.
Respiratory System
There are also pregnancy-induced adaptations to the maternal respiratory system
as changes occur to adapt to the fetus, specifically involving the remodeling and
expansion of the thoracic cage (Mottolo, 2013). The enlargement of the uterus and
upward shift of the diaphragm causes lung volumes to undergo significant changes,
affecting expiratory reserve volume and functional residual capacity to perhaps the
highest extent. Expiratory reserve volume decreases gradually during the second half of
pregnancy (by 8-40%) because of the decrease in functional residual capacity (by 9.525%) (LoMauro & Aliverti, 2015; Mottolo, 2013). The effect leads to an increase in
inspiratory capacity, as well as increased carbon dioxide sensitivity, which possibly
protects the fetus from acute carbon dioxide elevations (Mottolo, 2013).
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Many pregnant women report feelings of dyspnea at rest and during activities of
daily life, beginning in the early stages of pregnancy. This has shown to be a result of
complex interactions between changes in acid-base balance, metabolic rate and cerebral
blood flow and can possibly cause complications when distinguishing between
physiological problems and normal physiological changes with pregnancy (LoMauro &
Aliverti, 2015). However, according to Mottolo (2013), perceptions of dyspnea appear to
decrease during submaximal steady-state exercise throughout gestation. Possible reasons
for this may involve anatomical and mechanical adaptations to pregnancy that may occur
in the same or opposite direction, depending on the variable, allowing the mother to
participate in physical exertion and aerobic conditioning. The efficiency of standard
submaximal exercise for most body-weight exercise does not change during pregnancy,
and thus, submaximal exercise is typically recommended for most women during
pregnancy.
Metabolic Adaptations
Lipid and carbohydrate metabolism are also altered during pregnancy. Although
fetal demand for nutrients occurs primarily during the last part of gestation when the fetus
grows significantly, nutrient metabolism adjustments are evident within the first few
weeks after conception (King, 2000). The major energy substrate used to supply the
growth of the fetus is glucose. In order to supply the fetus, a cascade of hormonal
responses occur to increase maternal glucose and insulin levels, elevate liver glucose
release, and decrease liver glycogen stores. This process causes modest maternal insulin
resistance and thus decreases utilization and tolerance of glucose in maternal tissues
(King, 2000).
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Gestational diabetes mellitus (GDM) is one of the most common pregnancy
complications and can carry into the postnatal health of both mother and child (NasiriAmiri et al., 2016). GDM occurs when insulin resistance during pregnancy becomes
excessive and past a threshold considered normal. Adverse maternal and fetal
complications resulting from GDM include fetal macrosomia, hypoglycemia, erythema,
hypocalcemia, jaundice, as well as cesarean delivery. Women with preexisting GDM are
also at increased risk of developing other pregnancy and postpartum complications and
are more likely to have overt diabetes later in life. Infants are also more likely to become
obese or have impaired glucose tolerance later in life compared to offspring of healthier
pregnancies (Nasiri-Amiri et al., 2016; Leddy et al, 2008; Dempsey et al., 2005). Thus,
the implications of GDM on the long-term health of mom and baby are substantial.
Lifestyle habits (e.g. diet and exercise) before and during pregnancy are
modifiable factors that can potentially prevent or control GDM. According to Dempsey
and researchers (2005), glycemic control is improved in women with GDM who were
prescribed an exercise regimen, and the results were comparable to similar patients given
standard pharmacological therapies. Researchers also determined that women with GDM
who received exercise therapy had lower fasting and postprandial glucose concentrations
and improved cardiorespiratory fitness when compared to those receiving a standard
dietary intervention (Dempsey et al., 2005).
Basal metabolic rate (BMR) undergoes a rapid increase during the last half of
gestation due to rapid fetal growth, which depends on maternal metabolic adjustments
largely dictated by oxygen and nutrient supply (King, 2000; King, 2006). The metabolic
cost of fetal tissue synthesis is the greatest at this stage, also affecting protein and mineral
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accretions (King, 2000). The rise in maternal metabolic rate is driven by the metabolic
cost of maintaining and supporting the fetus (King, 2006). Approximately 3.3 kilograms
of fat is deposited into maternal stores, providing a reserve of about 30,000 kilocalories
of energy and less than 1 gram of fat deposited in the fetus (King, 2000). The increase in
basal metabolic rate and energy stores during pregnancy necessitate an increase in
maternal body weight to a certain extent. However, the amount of weight gained during
pregnancy can adversely affect the immediate and long-term health of the mother and
child if weight far exceeds the recommended guidelines.
Maternal Body Weight Status before and during Pregnancy
Body weight status can have a profound impact on a number of maternal and
infant outcomes. However, similar to those with GDM, unfavorable maternal and infant
outcomes can potentially be prevented or improved by lowering pre-pregnancy BMI and
minimizing excessive gestational weight gain through lifestyle interventions.
Maternal Obesity
The prevalence of women entering pregnancy who are classified as obese has
reached an all-time high. According to data from the Center for Disease Control and
Prevention (CDC), women are shown to possess a higher BMI than men, and 36.5% of
women were within the child bearing age (20-39 years) and classified as clinically obese
in 2015-2016 (Hales et al., 2017). According to Kim, Dietz, England, Morrow, &
Callaghan (2007) who analyzed data from the Pregnancy Risk Assessment Monitoring
System (PRAMS), a surveillance project created by the CDC to examine trends in prepregnancy obesity, the prevalence of pre-pregnancy obesity is continuing to grow rapidly
(Shulman, D’Angelo, Harrison, Smith, & Warner, 2018). In a span of just one year
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(1993-1994), the percentage of women categorized as obese according to pre-pregnancy
BMI increased by 13%. The percentage reached higher values by 2003 with a 22%
increase among the nine states observed in the study. These data suggest than one in five
women were obese at the beginning of pregnancy in 2003-2004 (Kim et al., 2007).
Women who enter pregnancy obese have excess fat stores, which increases the
risk for many maternal and infant adverse outcomes (similar to those associated with
obesity in non-gravid adults) (King, 2000; King, 2006). High pre-pregnancy BMI is
associated with higher rates of cesarean delivery, preeclampsia, macrosomia, childhood
obesity, cardiovascular disease, GDM, and complications during labor and delivery
(Leddy et al., 2008; Dempsey et al., 2005; Mottolo, 2013).
The risk of developing preeclampsia increases linearly with pre-pregnancy BMI.
According to Leddy and colleagues (2008), for each increase in BMI of 5-7 kg/m2, there
is a corresponding 2-fold increase in the risk, as well as an odds ratio between 2 and 3 of
developing the disease. These researchers also reported a 2- to 3-fold increase in
likelihood of fetal macrosomia in obese pregnant women. By definition, macrosomia is
characterized by infant weight greater than or equal to 4500 g and increases with
excessive gestational weight gain. Fetal macrosomia is associated with not only absolute
size of the infant, but also body composition; offspring of obese women are likely to
experience higher body fat percentage and fat mass (Zera, McGirr, & Oken, 2011; Leddy
et al., 2008; Mottolo, 2013). Additionally, the risk of stillbirth is approximately double
among obese pregnant women compared to normal-weight women (Leddy et al., 2008).
A mechanism thought to underlie the correlation between high maternal BMI and
the metabolism and physiology of the offspring involves the supply of nutrients crossing
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the placenta. The “fetal programming hypothesis” suggests that exposures in-utero can
predispose fetuses for a number of short and long-term health outcomes. Fetuses may
have to adapt to either a deficit or overabundance of these nutrients, and the adaptations
may permanently alter the way they physiologically metabolize fuel for energy (Leddy et
al., 2008). Maternal obesity can have a substantial effect on the in-utero environment by
portraying to the fetus the conditions of the external environment and because of fetal
programming, obesity may become a self-perpetuating problem later in life (Leddy et al.,
2008).
Gestational Weight Gain
In 2013, the American College of Obstetricians and Gynecologists (ACOG)
provided a committee opinion regarding the recommended guidelines for gestational
weight gain (GWG) initially created by the Institute of Medicine (IOM). The guidelines
(Table 1) include the suggested range of total weight gained during pregnancy, as well as
the rate at which weight should be gained per week during the 2 nd and 3rd trimesters to
avoid risk of complications associated with maternal body weight. The ACOG (2013)
suggest physicians determine the patient’s BMI at the initial visit and counsel her
regarding the benefits of appropriate gestational weight gain, nutrition and exercise, and
the risks of exceeding the weight gain limits.
Table 1. Institute of Medicine (IOM) gestational weight gain recommendations.
Pre-pregnancy
Weight
Category

Body Mass Index
(BMI) (kg/m2)

Recommended
Range of Total
Weight (lb)

Recommended Rates of
GWG in the 2nd and 3rd
Trimesters (Mean Range
[lb/week])

Underweight
Normal
Overweight

<18.5
18.5-24.9
25-29.9

28-40
25-35
15-25

1 (1-1.3)
1 (0.8-1)
0.6 (0.5-0.7)

Obese

≥30

11-20

0.5 (0.4-0.6)
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Maternal dietary intake and PA aid in determining the total amount of GWG and
may be two of the most modifiable factors for maintaining a healthy pregnancy. Higher
energy intake, specifically higher proportions of protein and lipids and slightly lower
proportions of carbohydrates, are associated with increased GWG at the end of the
second trimester, and must be reciprocated by physical energy expenditure for the diet to
remain balanced (Mottolo, 2013; Leddy et al., 2008).
Nasiri-Amiri and colleagues (2016) found strong correlations when comparing
diets, levels of PA, GDM and GWG during the first 20 weeks of pregnancy. Females who
had a low total PA level were more likely to develop GDM. Additionally, females with a
lower pre-pregnancy BMI were at nearly 84% lower risk of developing GDM compared
to those with a BMI classified as obese (Nasiri-Amiri et al., 2016). Clearly, consuming a
healthy diet, staying active, and maintaining a healthy body weight (in compliance with
IOM guidelines) before and during pregnancy is very important for a metabolically
healthy pregnancy.
Despite the knowledge of the importance of appropriate GWG, the CDC PRAMS
project demonstrated that only one in three women had weight gain consistent with the
IOM recommendations (Kim at al., 2007). These alarming results should be used to
influence maternal diet and lifestyle behaviors before, during and immediately after
pregnancy (Kim et al., 2007; Shulman et al., 2018). The study is ongoing and
continuously accumulating more states and territories to the surveillance and is
continuing to be an effective system for addressing emerging issues affecting maternal
and infant health (Kim et al., 2007).

11

Guidelines for PA during Pregnancy
PA in all populations and stages of life aids in maintaining cardiorespiratory
fitness, reducing risk of obesity and associated comorbidities, and has been shown to
result in overall longevity (Artal & O’Toole, 2003). The pregnancy period is no
exception to this as research has shown great improvements in maternal and infant health
in those who participate in regular PA throughout gestation (Artal & O’Toole, 2003;
Dempsey et al., 2005; Marcoux, Brisson, & Fabia, 1989; Harrod et al., 2014; Sorensen et
al., 2003). In 2015, the ACOG released a Committee Opinion about PA (PA) and
exercise during pregnancy and the postpartum period in order to close the gap on the
needs of pregnancy healthcare providers and their patients (Artal & O’Toole, 2003). The
opinion was based on a previous statement by the U.S. Department of Health and Human
Services.
Comparable to the general population and other otherwise healthy groups, women
with uncomplicated pregnancies are encouraged to engage in aerobic and strengthconditioning exercises throughout pregnancy and into the postpartum period. The
recommended guidelines suggest women engage in ≥30 minutes of moderate-intensity
PA on most days of the week (≥150 minutes/week) to obtain the benefits. Minimal risks
are associated with PA and a number of benefits have been shown among active pregnant
women, although modifications to some activities are warranted (ACOG, 2015; Artal &
O’Toole, 2003). Activities to be avoided would involve lying supine or moving in a
manner that puts pressure on the uterine wall, as well as those that could cause
overheating, risk of blunt trauma, or risk of falling (Wing & Stannard, 2016).
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Activities that use large muscle groups in a continuous rhythmic matter—such as
walking, hiking, jogging, dance, swimming cycling —are warranted in an exercise
prescription in pregnancy, as they are for the general population. Swimming is an activity
with no known reported adverse consequences and has the advantage of creating a
buoyant effect that reduces joint stress. There are no data to support the restriction of
pregnant women from participating in activities such as these (Artal & O’Toole, 2003).
Resistance and flexibility training are also encouraged to promote
musculoskeletal fitness as part of the overall exercise prescription. Relatively low
weights with multiple repetitions lifted through a dynamic range of motion appear to be
the most safe and effective scheme to obtain benefits from strength training during
pregnancy (Artal & O’Toole, 2003). Previously sedentary women and those with medical
or obstetric complications are also encouraged to participate in PA; however, it is
essential they seek medical clearance and guidance from their provider before
participating in exercise, and gradually increase to target PA guidelines (ACOG, 2015,
Artal & O’Toole, 2003).
Effects of PA on Maternal and Fetal Health
Regular moderate PA during pregnancy has shown to result in marked benefits in
both maternal and infant health. Maternal benefits include increased cardiorespiratory
fitness, normal or limited gestational weight gain, mood stability, a reduced risk of
developing gestational hypertension and diabetes, less complicated labor, and improved
fetal and infant health outcomes, among others (Melzer et al., 2010; Dempsey et al.,
2005).
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The Role of PA in Improving Pregnancy Complications
The benefits of exercise on gestational diabetes and preeclampsia are commonly
studied because of the severity and increasing prevalence of both conditions among
pregnant women (Table 2.) The effects of GDM, like other forms of diabetes, can be
prevented or improved through PA regimens. Dempsey observed the relationship
between PA and pregnancy complications (GDM and hypertension related) across
multiple cohorts of women (Dempsey, Sorensen, et al., 2004; Dempsey, Butler, et al.,
2004; Dempsey et al., 2005).
One study observed that recreational PA during the year prior to pregnancy and
the first 20 weeks of gestation decreased the risk of gestational hypertension among
mothers with GDM (odds ratio: 1.4) compared to their non-diabetic counterparts (Bryson,
Ioannou, Rulyak, & Critchlow, 2003). Another study found that recreational PA during
the year prior to pregnancy was associated with significantly reduced risk of GDM, but
statistics revealed an even lower risk (risk reduced by 60%) in those who remained
physically active both before and during pregnancy (odds ratio: 0.40) (Dempsey, Butler,
et al, 2004).
Also in 2004, Dempsey questioned only normotensive, non-diabetic women about
their PA levels during the previous year and 7 days prior to the interview during
pregnancy. Time spent participating in PA aided in determining the appropriate dose for
pregnant women to achieve maximal benefits from exercise. Those who were physically
active for >4.2 hours/week were at a 76% reduced risk in developing GDM. Of the 909
study participants, 576 were physically active both during the year before and during
pregnancy. A 73% reduced risk of developing GDM was
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Table 2. The effects of exercise on GDM and preeclampsia.
Study

Dependent
Variable

Participants

Sorensen et
al., 2003

Preeclampsia

201
preeclampsia,
383
normotensive

In-person
interview at 20
weeks gestation
concerning
exercise before
this time point

35% reduced risk of
preeclampsia in
those regularly
active during early
pregnancy; lightmoderately active
women were 24%
less likely to develop
preeclampsia

Marcoux et
al., 1989

Preeclampsia,
GDM

172
preeclampsia,
254 GDM,
505 controls

Interview
concerning type,
frequency,
duration of PA
during first 20
weeks gestation

Women who
performed LTPA
were at reduced risk
of preeclampsia and
gestational
hypertension;
relative risk
decreased as average
active time increased

Dempsey,
Sorenson, et
al., 2004

GDM

909
normotensive,
nondiabetic
women

In-person
interview about
sociodemographic
data, lifestyle
habits,
medical/reproducti
ve histories; blood
and urine samples
early pregnancy;
recreational PA
measured 7 days
prior to interview

Women engaging in
PA during
pregnancy were 31%
less likely than
inactive women to
develop GDM
(p>0.05)

Dempsey,
Butler, et
al., 2004

GDM

155 GDM,
386
normotensive,
nondiabetic
pregnant
women

In-person
interview about
sociodemographic
data, medical/
reproductive/lifest
yle characteristics;
assessed PA
during the year
prior and during
1st 20 weeks of
pregnancy

51% reduction in
risk of GDM in
active women during
year prior compared
to inactive; 48%
reduction in active
women during first
20 weeks compared
to inactive
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Protocol

Results

shown among these women; however, the associations were not statistically significant
(Dempsey, Sorenson, et al., 2004).
The correlation between physical inactivity and the risk of preeclampsia is similar
across multiple studies. In a case-control study by Sorensen and researchers (2003),
women were asked to identify specific recreational activities they engaged in during the
first 20 weeks of pregnancy and the total number of hours exercised divided by the
number of weeks. Results revealed a 35% reduced risk of developing preeclampsia in
women who engage in recreational PA compared with inactive women. Similarly, a
retrospective study by Marcoux et al. (1989) found that those who participated in leisuretime PA displayed a reduced risk of preeclampsia and gestational hypertension.
Researchers also suggest this study provides support for the recommendations that low
risk pregnant women can maintain PA levels throughout pregnancy.
Labor and Delivery
In terms of duration of labor and delivery, one study reported shorter durations of
the second stage of labor among the active participants compared to inactive (88 vs. 146
minutes, respectively; p=0.51), but found no difference in the first stage and time spent
pushing (Melzer et al., 2010). Perales et al. (2016), during randomized controlled trial,
assessed the relationship between pregnant women participating in a physical
conditioning program throughout pregnancy and the duration of labor, type of delivery,
birth weight and size, as well as other variables. Unlike Melzer et al. (2010), significant
differences in the duration of the first stage of labor between the exercise group and
control group were revealed (399.1 ± 322.1 minutes and 537.4 ± 409.3 minutes, active
and inactive groups (Perales et al., 2016). In terms of type of delivery, Melzer and

16

researchers (2010) found a significant odds ratio (adjusted for parity, maternal weight
gain and newborn birth weight) of operative delivery in the inactive women (OR: 7.65,
p=0.026); thus, inactive women were more likely to have an operative delivery. The
relationship between PA and type of delivery is examined in several studies and is
suggestive that those who participate in higher levels of PA are more likely to have a
spontaneous vaginal delivery than their inactive counterparts (Melzer et al., 2010).
Fetal and Infant Health
Fetal benefits of maternal PA include improved body composition, advanced
neurobehavioral maturation and improved stress tolerance. Changes in birthweight due to
exercise have been reported by many studies and findings are mixed. Melzer et al. (2010)
saw no effects of a PA intervention on infant outcomes. No adverse birth outcomes were
reported among healthy women undergoing a normal pregnancy, despite the overall
alterations of fetal heart rate due to exercise, which is considered the most common fetal
response to maternal exercise (Melzer et al., 2010).
Correlated with both duration and intensity of exercise, fetal heart rate has been
reported to increase significantly immediately post-exercise (similar to heart rate during
exercise for a non-gravid individual); however, these changes in fetal heart rate are
transient and appear to be harmless. Szymanski and Satin (2012) measured fetal
responses to moderate and vigorous exercise in active women and only moderate in
inactive women and found the current exercise guidelines were well tolerated by mother
and fetus, as indicated by many measurements of fetal well-being.
Contrarily, brief decreases in heart rate have also been reported during mild to
moderate intensity bouts of exercise and in studies involving high intensity maternal
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activity. Studies have shown minimal to moderate changes in fetal heart rate during or
after maternal exercise, most increasing by 10-30 beats per minute over baseline (Artal &
O’Toole, 2003). A cohort study assessed by ACOG (2015) drew the conclusion that 30
minutes of strenuous exercise was well tolerated by women and fetuses in active and
inactive pregnant women, exhibiting the lack of risks associated with PA and fetal health.
Body size and composition at birth are often concerns of mothers contemplating
PA during pregnancy. However, studies have shown little to no negative changes on
infant outcomes (large-for-gestation [LGA], high levels of mean fat mass, low fat-free
mass) when assessing the effect of PA during pregnancy (Harrod et al, 2014; Perales et
al, 2016). Harrod and colleagues (2014) assessed mother-neonate pairs participating in
the large Healthy Start study by providing them with the Pregnancy PA Questionnaire
(PPAQ) to determine average total energy expenditure (TEE) and informing them of the
ACOG recommendations for PA. A significant inverse linear correlation was found
between TEE during late pregnancy and neonatal fat mass (p=0.04). Inversely, a trend
was shown between TEE and neonatal fat-free mass and birth weight, but neither were
significant (Harrod et al., 2014).
Similarly, no significant findings were shown between maternal PA and birth
weight or size within the cohort in the Perales and colleagues (2016) randomized
controlled study; however, this topic remains somewhat controversial. One study found
exercise intensity influences neonatal body composition when measuring maternal PA at
moderate and vigorous intensities. Regular vigorous PA at 17 weeks was associated with
decreased birthweight and neonatal adiposity; similarly, exercising at 36 weeks was also

18

associated with decreased birthweight. Additionally, time spent in moderate activity at 36
weeks was associated with an increase in lean mass (Bisson et al., 2016).
Gap in the Literature
Despite the evidence-based information available regarding the maternal and fetal
benefits from PA during pregnancy, only 23% of women report complying with the
ACOG (2015) recommended guidelines. Additionally, pregnant women report receiving
little to no advice about PA during pregnancy from their health care providers (Evenson
& Pompeii, 2010; Leddy et al., 2008). An observation by Leddy and researchers (2008)
revealed only 21.3% and 24.5% of women who visited their physicians received advice
about diet and exercise, respectively, suggesting a critical need for diet and exercise
advice as part of a prenatal care plan. The scientific evidence supporting PA during
pregnancy does not seem to be translating into the clinic or the community, which is
likely playing a major role in the worsening trends of overall maternal and infant health.
Pregnancy is no longer considered a time of rest, but a unique time point for
lifestyle modification (Artal & O’Toole, 2003). It presents an ideal opportunity for
physicians to encourage patients to engage in healthy behaviors and for patients to
receive lifestyle advice from a trustworthy and medically informed source (Stengel,
Kraschnewski, Hwang, Kjerulff, & Chuang, 2012). Habits adopted during pregnancy set
the stage for maternal and offspring health conditions after delivery and should be taken
seriously (Artal & O’Toole, 2003). Communication about gestational weight gain
specifically, remains understudied and should be treated with high priority at each
prenatal visit (Phelan et al., 2011; Duthie, Drew, & Flynn, 2013). Interview assessments
by Duthie et al. (2013) revealed many health care providers admitted to intentionally
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disregarding the GWG topic initially because other topics were more important to discuss
with their patients. Likewise, patients reported that weight did not seem like a top priority
at subsequent obstetrician visits (Duthie et al., 2013).
Stengel and colleagues (2012) assessed 24 obese and overweight women after the
birth of their first child about excessive GWG and postpartum weight retention through
interviews. Results concluded that provider advice on GWG and exercise is insufficient
and often inappropriate, and this lack of communication could be contributing to the
adverse effects of maternal body weight during and after pregnancy (Stengel et al., 2012).
Therefore, interventions are warranted to encourage PA during pregnancy, discuss the
benefits for both mother and offspring, as well as encourage patient-provider
communication.
Adjacent to health care communication being a major barrier in the activity levels
of women is the lack of resources and services for those residing in rural areas. It is not
uncommon for rural women to experience poorer health outcomes compared to those in
urban settings because of limited access to appropriate health care. According to the
ACOG (2014), women in rural communities are more likely to report fair or poor health
status, experience obesity, cigarette smoking and other conditions compared to those
living in metropolitan areas. Reproductive health services were also less likely to be
utilized by sexually active women living in rural areas than their urban counterparts
(ACOG, 2014). Because research has shown only a small percentage of obstetricians
practice in rural settings, the current study focuses on women in such communities with
less access to health care and medical services. Thus, the need for proper education,
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communication, and access to local facilities is extremely important among this
population.
Purpose
Because of the increased prevalence of maternal obesity and unhealthy lifestyle
habits among the pregnant population, specifically in rural areas, studies implementing
lifestyle interventions to combat these trends are warranted. The primary purpose of this
study was to determine if the distribution of evidence-based educational materials and
access to local resources will increase knowledge and influence beliefs regarding PA
during pregnancy, as well as increase PA levels during pregnancy.
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Materials and Methods
Study Design and Participants
Seventy-one women in their first trimester of gestation were recruited from a
local, rural obstetric clinic to participate in this study. All study procedures were
approved by the Western Kentucky University Institutional Review Board (IRB ID 16225). Participants were all healthy individuals with no underlying health conditions. They
were also patients of Graves Gilbert Clinic in Bowling Green, Kentucky (which is
considered a “rural” health clinic), within the ages of 18 and 44, and had a confirmed
singleton pregnancy. Women experiencing a multiple gestation pregnancy and those with
pre-existing medical conditions that prohibited PA were excluded from the study.
Protocol
Between 8-12 weeks of gestation, each participant was contacted to meet up with
a study team member for in-person delivery of study materials. Participants were given
an activity band to wear throughout pregnancy and a folder of baseline surveys to
complete. The activity band (Mi Band, Xiaomi, China, 2010) was used to report data
concerning average steps per day, hours of sleep and hours of deep sleep. Participants
were asked to record 7 days’ worth of data extracted from the Mi Band onto a form
provided to them in their folder. The surveys and questionnaires given to each participant
pertained to PA during pregnancy and are presented in Table 3 along with outcome
measures associated with each. Surveys were validated and/or used in previous studies
(Alvis et al., 2019; Chasan-Taber et al., 2004; Proshaska & Velicer, 1997). Surveys asked
detailed questions about their knowledge and beliefs regarding PA, as well as information
about their current activity levels, and their motivation to become physically active.
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Table 3. Outcome measures and instruments used in data collection
Outcome Variable

Instrument Used

PA levels during pregnancy

1. Pregnancy PA Questionnaire (PPAQ)
2. Attendance to exercise classes/visits to gym
3. Documentation of at-home workouts
completed
4. Xiaomi Mi Band

Knowledge and beliefs about
PA during pregnancy

1. Exercise and Pregnancy Beliefs
Questionnaire (agree/disagree)
2. Exercise and Pregnancy Knowledge
Questionnaire (agree/disagree)
3. Exercise during Pregnancy Questionnaire
(open-ended)

Patient-provider communication

1. Patient/Provider survey questions

Motivation to become/remain
physically active during
pregnancy

1. Stages of Change Questionnaire (TTM)

PA Assessments
The Mi Band activity monitor provided to participants acted as a pedometer and
recorded steps taken during a 24-hour period, as well as a sleep-tracking device that
sensed the wearer’s total duration of sleep and duration of deep sleep (APPENDIX D).
The Stage of Change questionnaire (transtheoretical model) (APPENDIX E) is an
assessment tool used to gauge how intentional the women of this cohort were about
becoming physically active. Each ascending stage exemplifies a step in the direction of a
healthy lifestyle.
The Pregnancy Physical Activity Questionnaire (PPAQ) (APPENDIX F) is a
commonly used tool for assessing PA levels amongst pregnant women (Chasan-Taber et
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al., 2004). It allows women to report the frequency, duration and intensity spent
participating in population specific activities that contribute to overall energy
expenditure. Each activity was classified by intensity: sedentary (<1.5 METS), light (1.53.0 METS), moderate (3.0-6.0 METS), or vigorous (>6.0 METS) and the average weekly
energy expenditure (MET-hours per week) was calculated by multiplying the selfreported time spent in each activity by intensity. Results were classified by the intensities
listed, as well as by type (household/caregiving, occupational, and sport/exercise).
Knowledge and Beliefs of PA Assessments
The Exercise and Pregnancy Knowledge questionnaire (APPENDIX H) is an
agree/disagree assessment tool used to measure how well women of this cohort agree
with the evidence-based statements concerning the benefits of PA during pregnancy. The
total score of all answers is placed on a 0-100 scale and compared over time. The lower
the total score for this survey, the more agreement the participant has with the evidencebased statements and the more likely she will comply with exercise guidelines. The
Exercise and Pregnancy Beliefs questionnaire (APPENDIX G) is also an agree/disagree
tool used to measure participants’ beliefs about the effects of PA on health status and
complications. The scores range from 0-139, with the higher end of the spectrum
signifying agreement with the idea that PA plays a positive role in controlling and
preventing health complications associated with pregnancy.
The Exercise during Pregnancy open-ended questionnaire (APPENDIX I) asked
participants to list five or six answers for questions regarding PA and pregnancy. The
questions inquired about the perceived advantages/disadvantages of exercising (30
minutes/day) during pregnancy, individuals who would approve/disapprove of them
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exercising for 30 minutes per day during pregnancy, and factors that make exercising
easier/harder during pregnancy. Qualitative data was extracted from this survey and each
individual answer was categorized based on common recurring themes by two
researchers. Researchers came together and agreed on a final set of themes, then each
researcher individually placed each answer in a fitting category. Corresponding answers
and themes were then compared and a mutual agreement was achieved. Themes
associated with each factor are as follows:
Table 4. Categorical variables and common themes for analysis of qualitative data
Variable

Common Recurring Themes

weight status, mental health, postpartum recovery, obstetric health
outcomes, energy/sleep, labor/delivery, fitness level, baby health
Disadvantages baby safety, mom safety, time/work, fatigue/sickness, loss of baby,
no prior PA, motivation, none
doctor, spouse, fitness industry, parents, co-workers, siblings,
People who
friends/mom friends, family
approve
Advantages

People who
disapprove

doctor, spouse, parents, co-workers, older individuals, siblings,
friends/mom friends, family

Factors that
make PA
easier

childcare, workout plan, time/work, partner, availability
(equipment/facility/weather), financial, education/knowledge, support

Factors that
make PA
more difficult

childcare, workout plan, time/work, availability, financial, education,
physical barriers, support

Patient-Provider Communication
To assess the communication between pregnant women and their health care
providers about healthy lifestyle choice during pregnancy, we utilized the PatientProvider Communication survey developed by our study team. We inquired about
whether or not the health care provider had discussed exercise recommendations with the
participants and what advice was given. If they had received lifestyle advice, we inquired
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about the recommendations and durations of exercises, as well as if they had received
additional advice about the risks and benefits of PA.
The Intervention
After baseline activity data and questionnaires were completed and returned to the
study team, participants were compensated with $30 and randomized into either the
intervention (IG) or control group (CG). Along with standard-of-care brochures and
information, members of the IG received evidence-based educational materials about PA
and pregnancy as well as access to local resources to pursue PA (APPENDIX K,
APPENDIX L). Intervention participants could also choose facilities from a list of local
resources (some of which included childcare) in which they wished to pursue and the
study team would provide their membership at no cost to them until the end of
pregnancy, in hopes they would take advantage of the offer and begin to practice an
active lifestyle. This strategy was also chosen as it overcame many commonly reported
barriers to exercise, such as time and lack-of childcare (Evenson et al., 2008; Flannery et
al., 2018; Harrison, Taylor, Shields, & Frawley, 2018).
The CG, on the other hand, received no additional information beyond standardof-care brochures and information provided by the study team and their obstetric
providers. Baseline assessments, identical questionnaires and seven more days of
recorded Mi Band sleep and activity data, were repeated for all participants in the third
trimester, at approximately 32-39 weeks gestation age. At collection, participants were
compensated an additional $30 for completion of surveys. Shortly after each participant
delivered her baby, an electronic follow-up survey was distributed via email concerning
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labor and delivery, maternal and infant outcomes, postpartum recovery, and current PA
levels (APPENDIX M). Participants were not compensated for completion of this survey.
Statistical Analysis
Statistics were analyzed using SPSS Statistics 25.0 (IBM, 2009). Two-way
analyses of variance were used to assess changes between groups (control vs.
intervention) across the two time points (pre and post). Independent t-tests were used to
measure continuous variables between groups. Chi-square tests were used to analyze
categorical data developed from qualitative data from the Exercise during Pregnancy
questionnaire between groups across the two time points. All data was stored in REDCap
electronic data management software. The p-value was set at 0.05 to denote statistical
significance.
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Results
Of the 71 participants recruited for this study, 40 participants were randomly
selected for the IG and 31 were placed in the control CG (Table 5). Participant retention
and utilization data is presented in Figure 1. Of the 26 IG women who completed both
pre-and post-intervention assessments, 14 took advantage of the free local resources
offered to them by the study team (three participants utilized more than one resource).
Prenatal yoga was favored by most intervention participants (n=11), but others preferred
access to a local fitness facility to engage in PA (n=6), and some utilized multiple
resources (n=3).
Table 5. Participant Characteristics
Variable

All

Intervention

Control

p-value

(n=71)

(n=40)

(n=31)

Age (years)

29.73 ± 4.82

29.9 ± 4.78

29.5 ± 4.94

0.734

Pre-pregnancy BMI

26.07 ± 6.2

25.39 ± 6.25

26.95 ± 6.13

0.298

Gestation age (weeks)

12.08 ± 3.64

12.47 ± 3.55

11.5 ± 3.76

0.291

Ethnicity (% White)

98.6

97.5

100

0.375

Education (% college

90.1

92.5

87.1

0.061

Household annual

78,501 ±

82,117 ±

73,278 ±

0.396

income

41,220

39,165

44,249

Nulliparous (%)

32.9

33.33

32.26

(kg/m2)

degree or higher)
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0.924

Figure 1. Participant retention and utilization of resources throughout duration of study.
Prenatal yoga (n=11)

Utilized resources
(n=14)

Fitness facility (n=6)

Completed (n=26)
Both (n=3)

Intervention
(n=40)
Incomplete (n=14)

Recruited
(n=71)
Completed (n=27)

Control (n=31)
Incomplete (n=4)

PA Levels
Mi Band Activity
Overall, PA decreased among all participants from first to third trimester, but to a
lesser extent in the IG; however, the difference between groups was not statistically
significant. All participants significantly decreased their steps over the course of their
pregnancy (p=0.007), but there was no difference in step counts between groups
(p=0.991) (Table 6). At both time points among all participants, average step counts
ranged from 6200-7900 steps, which is actually above average for the typical American;
however, step counts were far below the recommended threshold of 10,000 steps per day
(“Physical activity guidelines,” 2018).
Prior to the intervention, only 11 (15.5%) of the 71 participants recorded step
counts over 10,000 per day. When post-intervention step counts were analyzed, there was
a trend for the IG to have higher step counts than the CG; however, this did not achieve
statistical significance (p=0.192). Hours slept during the night from first to third trimester
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also decreased among the entire study sample from early pregnancy to late pregnancy
(p=0.017), but the changes were insignificant between groups (p=0.916). For PA levels,
we further stratified the groups by women who actually utilized the resources provided
and those who did not; however, statistical differences between groups were still not
achieved.
Table 6. Average steps at baseline and post-intervention between groups.
Total (n=71)

Intervention
(n=40)

Control
(n=31)

7542.01

7873.2

7056.3

Pre Average
Steps/Day

p-value

0.991
Post Average
Steps/Day

6258.49

6585.75

5778.5

Pregnancy PA Questionnaire
According to the Pregnancy PA Questionnaire (PPAQ), participants in the CG
appeared to spend slightly more time in sedentary behaviors than their IG counterparts
prior to the intervention, and became more sedentary over time; however, this did not
achieve statistical significance (p=0.079) (Figure 2). There were no significant
differences for total, light, moderate, or vigorous activity between groups over time
(Table 7). There were also no significant differences in occupational, household or
sport/exercise activity between groups over time (p=0.922, p=0.366, and p=0.382,
respectively). However, there were significant changes over time when considering the
entire study cohort irrespective of group. Total activity was reduced by 26.67 METhours/week from first to third trimester (p=0.047), light activity decreased by 19.68
MET-hours/week (p=0.003) and exercise/sport activity reduced from 11.04 to 7.67 METhours/week (p=0.042).
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Table 7. PPAQ reported activity levels between groups at the two points.
Total
Activity

Sedentary

Light

Moderate

Vigorous

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

Pre (METhours/week)

198.9

204.6

6.79

7.24

127.2

119.9

60.6

74.4

4.4

3.1

Post (METhours/week)

176.8

172.8

5.55 11.26 107.8

99.9

60.9

60.9

1.4

0.7

0.717

p-value

0.079

0.953

0.486

0.699

Figure 2. Sedentary behavior according to PPAQ questionnaire pre- and postintervention between groups (p=0.079).

Sedentary Activity PPAQ
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8
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31

Control

Based on the transtheoretical model (Stage of Change questionnaire, APPENDIX
E), both groups, on average, considered themselves in the “preparation” stage of change
in the first trimester of pregnancy (mean IG=3.56±1.48 and mean CG=3.33±1.39,
respectively; p=0.514). Post-intervention, near the end of pregnancy, on average the IG
improved to the “action” stage while the CG remained in the “preparation” stage (mean
CG=4.21±1.1 and mean IG=3.58±1.38, respectively; p=0.073) (Figure 3).

Figure 3. Stage of Change (TTM) scores at pre- and post-intervention between
groups (p=0.073).
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Knowledge and Beliefs of PA during Pregnancy
Knowledge of Benefits of PA
Knowledge of PA during pregnancy did not significantly change from preintervention (IG mean=39.54±6.7 and CG mean=36.65±7.8) to post-intervention (IG
mean=38.3±6.9 and CG mean=39.03±9.05), according to the Exercise and Pregnancy
Knowledge questionnaire (p=0.799) (Figure 4). Scores on the lower end of the 0-100
scale exemplify agreement with evidence-based statements concerning benefits of PA
during pregnancy, while scores closer to the higher end portray disagreement and
nonbelief.

Figure 4. Knowledge of the benefits of physical activity during pregnancy (Exercise
and Pregnancy Knowledge questionnaire) (p=0.799).
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Beliefs of PA and Health Status during Pregnancy
The Exercise and Pregnancy Beliefs (agree/disagree) questionnaire produced
results illustrating a slight increase in beliefs about the effects of PA on health status
among the IG, and a decrease in those of the CG (IG: 95.3912.77 to 97.39±11.22 and
CG: 97.6910.41 to 94.65±9.03); however, these changes did not achieve statistical
significance (p=0.144) (Figure 5). The highest score possible (139) would have revealed
total agreement with the benefits of PA on improving or preventing pregnancy
complications.

Figure 5. Beliefs about the effects of physical activity on health problems during
pregnancy (Exercise and Pregnancy Beliefs questionnaire) (p=0.144).
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Exercise during Pregnancy Questionnaire- Qualitative Data
Categorical variables were investigated at baseline and after the intervention
among all participants and between groups. There were no significant changes in
responses between groups or before/after the intervention. However, we felt these data
provide interesting and important insight into perspectives of the rural population. By
analyzing these data, we believe we can better address the needs of the women in our
area by tailoring future intervention strategies based on their views, and the barriers and
facilitators of exercise during pregnancy that they identified.
According to the recurring themes observed from categorical data (Tables 4 & 8),
59% of all participants considered areas concerning weight status an advantage of being
physically active during pregnancy pre-intervention (Table 8). Additionally, 69% of
participants believe positive obstetric outcomes—particularly pertaining to blood
pressure, heart rate, circulation, and decreased risks of developing health complications—
result from PA during pregnancy. Of the 71 participants, 47 women (66%) mentioned
improved sleep and energy levels when asked to list advantages of PA, and 27%
mentioned overall improved infant health outcomes. In contrast, 58% of women reported
the effects of PA on maternal safety and discomfort as a disadvantage of exercise during
pregnancy. Fatigue or exhaustion were also considered a disadvantage by 52% of
participants. Concerns about risk of miscarriage were reported as a disadvantage or
barrier to being physically active by four participants. Of note, percentages do not add up
to 100% because women were given up to six responses, and many put multiple answers
for each question.
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Table 8. Qualitative data on reported advantages and disadvantages of exercise during
pregnancy among all participants at baseline.
Advantages of PA during pregnancy

Total
(%)

Weight
status

Mental
health

Postpartum
recovery

Obstetric
health
outcomes

Energy/
Sleep

Labor/
Delivery

Fitness
level

Baby
health

42
(59%)

22
(31%)

18
(25%)

49
(69%)

47
(66%)

42
(59%)

27
(38%)

19
(27%)

Disadvantages of PA during pregnancy

Total
(%)

Baby
safety

Mom
safety

Time/
work

Fatigue/
exhaustion

Miscarriage

No prior
PA

Motivation

None

17
(24%)

41
(58%)

18
(25%)

37
(52%)

4
(5.6%)

1
(1.4%)

2
(2.8%)

8
(11%)

When asked to identify individuals who would approve of engaging in PA during
pregnancy, many common themes evolved involving family members or those in the
healthcare industry (Table 9). 61% of women believe their doctor would approve of
exercising for 30 minutes per day during pregnancy and 34% mentioned having their
spouse and/or friends’ approval to engage in PA. Three participants (4.2%) also
mentioned their doctor when asked to identify individuals who would disapprove of
engaging in PA during pregnancy. The most common population participants associated
with disapproving of PA during pregnancy consisted of older individuals (18%).
When asked to list factors that make exercising during pregnancy easier and more
difficult, many common themes were reported. Factors that make exercising easier for
pregnant women commonly involved having childcare for other children, more time to
exercise or less time working, availability of a fitness facility or appropriate equipment,
and support from surrounding individuals. The majority of women reported similar
factors when asked to identify barriers, mostly pertaining to childcare, time and work
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Table 9. Qualitative data on those who approve and disapprove of exercising 30
minutes/day during pregnancy according to all participants at baseline
People who approve

Total
(%)

Doctor

Spouse

Fitness
industry

Parents

Coworkers

Siblings

Friends/
Mom friends

Family

60
(85%)

44
(62%)

24
(34%)

22
(31%)

17
(24%)

9
(13%)

33
(46%)

26
(37%)

People who disapprove

Total
(%)

Doctor

Spouse

Fitness
industry

Parents

Older
individuals

Siblings

Friends/
Mom friends

Family

3
(4%)

5
(7%)

0
(0%)

8
(11%)

13
(18%)

1
(1.4%)

10
(14%)

7
(10%)

obligations, and a support system. Time was the most commonly reported factor that
made PA difficult for women (66%) with physical barriers (fatigue, pain, nausea, etc.)
acting as the next leading factor contributing to inactivity (55%). Post-intervention,
categorical assessments were repeated and all participants were asked to answer the same
questions. Qualitative data were categorized using the original recurring themes and
analyzed between groups and as a whole.

Table 10. Qualitative data on factors that make PA easier (facilitators) and harder
(barriers) among all participants at baseline
Factors that make PA easier

Total
(%)

Childcare

Workout
plan

Time/Work

Partner

Availability

Finances

Education/
knowledge

Support

17
(30%)

12
(21%)

23
(40%)

10
(18%)

24
(42%)

4
(7%)

4
(7%)

11
(15%)

Factors that make PA harder

Total
(%)

Childcare

Workout
plan

Time/work

Availability

Finances

Physical
barriers

Education/
knowledge

Support

18
(32%)

4
(7%)

27
(47%)

10
(18%)

3
(5.3%)

38
(67%)

1
(1.8%)

7
(12%)
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Patient-Provider Communication
When asked if they had any ideas about how much they would exercise during
pregnancy, 42% of the cohort reported planning to exercise more than they had prior to
finding out they were pregnant, while only 4.3% of women admitted they planned to
exercise less. Those who planned to exercise were then asked to select which source of
information they predominantly use to inquire about PA during pregnancy (Table 11).
Women reportedly rely heavily on friends and family for recommendations on exercising
during pregnancy. Those who selected “Other” were then prompted to specify the source
in which they received advice. 15% of women reported prior PA experience with the
intent to continue their exercise regimen during pregnancy based on their own
knowledge, while eight women (14%) admit searching the internet for recommendations.
Four women stated having occupations in the health and/or fitness industry, and acquired
their knowledge of exercise and pregnancy through their own education and experience.
Table 11. Qualitative data on sources of information regarding PA during pregnancy.
Sources of Information
Friends/Family

Magazines

Television

Other

Don’t Know

12 (20%)

3 (5%)

1 (2%)

39 (66%)

4 (7%)

When asked if their health care provider discussed PA during pregnancy with
them, 41 women (58%) reported they had not been consulted on recommended
guidelines. Of the women who reported discussing the matter with their doctor, only 10%
reported having the conversation at every prenatal visit, while 36% reported only
discussing it at the initial visit with their obstetrician (Table 12).
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Table 12. Qualitative data on patient-provider communication.
How often did your doctor/nurse discuss exercise during
pregnancy with you?
At first visit
only

Once per
trimester

Only in 3rd
trimester

Every single
visit

Never

25 (36%)

5 (7%)

0 (0%)

7 (10%)

32 (46%)

Risks and benefits of PA during pregnancy were reported from those who had
discussed PA with their health care provider. Prior to the intervention, 94% and 79% of
women answered “No” when asked if their health care providers discussed with her the
risks of not exercising and benefits to exercising during pregnancy, respectively.
Reported risks involved pregnancy complications, excessive weight gain, labor/delivery
complications and postpartum issues, while benefits concerned weight control, improved
overall health of mother and baby, lower risk of complications, and easier labor and
delivery.
Follow-Up Survey
There were no significant differences between groups for pregnancy or
postpartum complications. Of those who completed the follow-up survey (n=27), the
majority of issues concerned musculoskeletal pain, acid reflux, morning sickness and
nausea. Hypertension, preeclampsia, placenta previa and macrosomia were only reported
by one participant each, while three women reported low amniotic fluid. 11% of women
reported noticeable levels of anxiety and 15% of women experienced postpartum
depression following delivery.

39

Figure 6. Mode of delivery between groups.
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The majority of women in the cohort delivered their babies vaginally rather than
by Cesarean section, and there was no difference between groups in mode of delivery
(p=1.00). 22 women reported vaginal deliveries (IG=13, CG=9) while five reported
delivering via cesarean section (IG=2, CG=3) (Figure 6). Duration of labor was
reportedly shorter in those of the IG (7.43 ± 3.9 hours) compared to those in the CG
(10.01 ± 5.03 hours); however, the differences were not significant (p=0.181).
Additionally, time spent pushing during labor was significantly shorter in the IG (19.7 ±
21.8 minutes) compared to the CG (49.7 ± 45.4 minutes) (p=0.05) (Table 7).
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Figure 7. Total duration of labor and duration of pushing between groups.
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Discussion
The effects of the distribution of evidence-based educational materials and access
to local resources on PA levels among pregnancy women were assessed in this study.
Due to the common myths that surround exercise during pregnancy, particularly in rural
communities, we also investigated levels of knowledge and beliefs about PA during
pregnancy, as well as patient-provider communication. Overall, the results of this study
suggest most women in this cohort decreased total activity levels as their gestation age
increased, and the intervention did not improve step counts, but did seem to slightly
reduce time spent sedentary and increase motivation to exercise.
The intervention also had little impact on knowledge and beliefs regarding
exercise during pregnancy. However, 34% of women in the intervention group utilized
community resources for PA, suggesting our intervention did improve the lives of women
in our community, even though that did not translate directly into statistically significant
data. Baseline qualitative data suggests pregnant women have not been thoroughly
counseled on adopting healthy lifestyle behaviors during pregnancy, or informed about
the benefits of PA from their communities or health care providers. This makes a strong
case for improved future interventions among women in this population, and we believe
the results of this study, while mostly statistically insignificant, provide important
information and insight that will inform future intervention strategies.
Physical Activity
As women progress in pregnancy, many physical, mental and physiological
factors influence a woman’s engagement in PA. Step counts and overall activity levels of
all individuals, provided by the Mi Band activity monitor and quantitative data from the
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PPAQ, decreased linearly with gestation age from first to third trimester of pregnancy,
likely because of the natural change in comfort levels associated with pregnancy. With
this in mind, this research still motivated 14 women to participate in PA by taking
advantage of the local resources provided by the study. While outcomes surrounding
these benefits are difficult to assess, the utilization of resources does suggest our
intervention helped a cohort of women in our community.
Results from the PPAQ revealed an overall decrease in MET-hours/week of
activity in all participants irrespective of group. However, average time per day spent in
sedentary behavior was reduced in those of the IG, while CG participants were more
sedentary as pregnancy progressed (albeit not statistically significant). Intervention
participants likely realized the importance of movement throughout pregnancy and
utilized resources to reduce sedentary activity. The majority of intervention participants
who took advantage of local resources provided by the study participated in prenatal
yoga. This activity requires taking minimal steps, although yoga is extremely beneficial
for psychological well-being, mobility and cardiorespiratory fitness (Curtis, Weinrib, &
Katz, 2012), and is a potential reason there was not a notable difference in steps between
groups. This may also have contributed to the reduction in sedentary activity among
intervention participants.
Beliefs/Knowledge of PA during Pregnancy
Average scores on the Exercise and Pregnancy Knowledge questionnaire suggest
most women generally agree with evidence-based statements regarding PA during
pregnancy, with consideration of the safety of mother and baby. Similarly, the average
score for the Exercise and Pregnancy Beliefs questionnaire suggests most women believe
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or agree, to a certain extent, with the evidence-based effects of PA on health status of
mother and baby. The lack of changes in knowledge and beliefs may be due to the high
education level of our study sample.
Categorical Variables of PA during Pregnancy
While we did not see changes from baseline to post-intervention among all
women or between groups, we believe the qualitative data has provided us some
important insight to the perspectives of the rural Kentucky population, which we believe
will inform future intervention strategies and allow us to tailor future programs to the
views and needs of these women.
Perceived Advantages/Disadvantages of PA
Prior to the intervention, four participants reported feeling as though exercising 30
minutes per day during pregnancy could result in miscarriage. Several other women
expressed concern about the safety of the baby and themselves, suggesting improved
education among this population is of critical importance.
“Worried that too much physical activity could cause complication” –
Participant 21 (10 weeks pregnant)
“Afraid I may injure myself; afraid I could hurt the baby” –Participant 34
(12 weeks pregnant)
Prior to the intervention, however, seven women reported not being able to recall any
disadvantages associated with being physically active during pregnancy as long as
women follow recommended guidelines.
“I’m not sure there are any disadvantages as long as all exercises are performed
correctly. I would love guidance for a safe exercise/workout plan I am use to
weightlifting and have been nervous to do anything in fear of harming the baby” —
Participant 15 (11 weeks pregnant)
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Time and work obligations were the most commonly reported disadvantages of
engaging in 30 minutes per day of PA during pregnancy, going hand-in-hand with one of
the most common barriers to exercising: childcare. Many women who reported not
having time to exercise also discussed having other children to care for. This
disadvantage is inevitable for women with multiple children, unless they also have a
strong support system. However, this does suggest that future intervention strategies
could incorporate other children into the exercise routine when possible (e.g. stroller
work out classes, gyms with childcare, exercises that can be done with other children).
Systems of Approval/Disapproval of PA
When asked to list individuals who they perceived would approve of them
exercising during pregnancy, 85% of women reported their health care providers and
62% reported their spouse. These data suggest that the provider and the spouse may be
two of the strongest influences on behavior during pregnancy. When asked about people
who would not approve, most women suggested older individuals, perhaps because
decades ago, pregnancy was seen as a time of confinement to many unknowing of the
benefits of being active (Artal & O’Toole, 2003; Dempsey et al., 2005). “Mom friends”
was a cohort commonly listed as a group who would approve of PA; however, many also
reported friends as a source of disapproval. Social influences as such are often warranted
for advice pertaining to initiating PA among the pregnant population (Flannery et al.,
2018). If a pregnant woman has not been provided with general guidelines from her
physician about engaging in PA, she is most likely to look to her close friends and
community for advice. These data suggest future interventions should/could incorporate a
social network of supportive women/people to facilitate exercise during pregnancy.
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Perceived Enablers/Barriers of PA
Lack of knowledge and education about PA during pregnancy was reported by
several women as a barrier to being physically active. It appears women desire to be
given information about being active during pregnancy from educated, trust-worthy
sources, but are not given recommendations unless they first inquire and initiate the
conversation. Factors involving social support were reported by many women as both a
barrier and an enabler to being physically active. Social support from surrounding
individuals undeniably influences the willingness to engage in PA, whether that involves
having an accountability partner or someone at home to pick up household
responsibilities that would otherwise require her attention. Having a weak support
system, particularly close friends or family that discourage PA during pregnancy, could
be detrimental to the health of the mother and baby.
These findings were consistent with data reported by Harrison et al. (2018), who
specifically reviewed attitudes, barriers and enablers of PA in the pregnant population.
Nine of 27 studies reviewed emphasized the lack of support of family/friends/others as an
interpersonal barrier to PA. A study conducted in central North Carolina with a similar
population reported many of the same barriers as those reported in this study, involving
intrapersonal health related factors pertaining to the safety of mother and baby (52.1%),
as well as time and work obligations (24%). However, in their cohort of women, only
1.6% of them considered caregiving duties a barrier to exercising, while it was reported
by 25% of women in the current study, prior to the intervention (Evenson, Moos, Carrier,
& Siega-Riz, 2008).
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Women also reported having an exercise plan tailored to them and their
pregnancy would enable PA and keep them accountable to adopt a healthy lifestyle. Had
this intervention incorporated a personalized program for each participant along with
their already-provided access to local resources, more women may have been more
cooperative in the study. Additionally, this could possibly reduce the number of women
that reported barriers associated with unavailability of exercise equipment, postintervention. Harrison et al. (2018) also reported the lack of assess to facilities/resources
as a barrier, according to 11 of the 27 studies examined in their review on barriers and
enablers.
Physical barriers, such as pregnancy-related symptoms (nausea, fatigue,
discomfort, morning sickness), were common factors women feel make exercise more
difficult, even though there is extensive research showing that being active early in
pregnancy can reduce these symptoms (Meltzer et al., 2010; Mottolo, 2013; Dempsey et
al., 2005). A lower percentage of women agreed with this factor post-intervention
compared to pre-intervention, however, potentially demonstrating effectiveness in
exercise as pregnancy progresses. Similar emergent findings were shown in other studies
reviewing interpersonal and intrapersonal factors that act as both enablers and barriers to
engagement in PA (Harrison et al., 2018; Flannery et al., 2018). Barriers seemed to
change with each stage of pregnancy when concerns of new physiological changes
emerge.
Patient-Provider Communication
Data from this study suggest a need for improved provider communication with
pregnant women about exercise during pregnancy, especially considering women report
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looking to their health care provider for advice about exercise during pregnancy. When
asked if their health care provider discussed PA during pregnancy with them, 41 women
(58%) reported they had not been consulted on recommended guidelines. Previous
research suggests that providers may not be discussing PA guidelines due to sensitivity of
the topic, or a belief that their counseling on it will have little or no impact on behavior
(Chang, Llanes, Gold, & Fetters, 2013).
In the follow-up survey sent electronically to participants postpartum, women
were asked again if their doctors or nurses discussed exercise with them during
pregnancy. Of the 27 women who completed the survey, 13 were consulted by their
health care providers (48%).
“Yes, only when I asked questions about continuing exercise” – Participant 50
“Yes, they answered my questions about what exercises were safe” –Participant
38
When asked what their doctors recommended they do to be active, multiple women
suggested they initially inquired about the topic without their doctors mentioning it prior
“Yes, I lift heavy weights, so I was told to do what I normally do just not to lift
more than normal and no straining. I was told to continue running and going to
the gym.” –Participant 45
“Yes, I mentioned I would be continuing exercise and physician supported” –
Participant 54
to the conversation. Most responses to the question inquiring about recommendations
involved continuation of the exercise regimen in which the patient was previously
involved.
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Labor and Delivery
Studies have shown that even sporadic exercisers, according to Melzer and
colleagues (2010), are more likely to experience a spontaneous vaginal delivery than their
non-exercising counterparts. Of the women in the current study who completed the
follow-up survey, 81% reported vaginal deliveries. Although not statistically significant,
far more intervention participants were a part of the 81%, while more members of the
control group reported having surgical deliveries.
Research has also shown a strong correlation between duration of labor and
physical fitness. Perales et al. (2016) found notable differences in the first stage of labor
in physically active women compared to inactive, but saw no changes between groups in
the latter two stages. Similarly, the current study found a decreased total duration of labor
in intervention participants, as well as a significantly reduced amount of time spent
pushing among women in the IG (p=0.05). Although only a few studies have examined
the relationship between PA throughout pregnancy and durations of labor, many common
results suggest higher levels of physical fitness reduce the amount of time women spend
in different stages of labor.
Limitations
The women in this cohort were highly educated as 39.4% reported having
obtained at least a college degree, while 32.4% claimed to have completed a postgraduate degree. Participant recruitment was inclusive of all education levels; however,
results could have been different if more women with lower levels of education had
participated. In addition, at baseline, most women were more active than the typical
American population. Thus, an intervention aimed to increase activity may have been less
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effective. The same intervention in a less active cohort may have yielded stronger results.
Future interventions should consider recruiting only inactive women. Similarly, most of
the cohort was considered a normal or healthy BMI, which also makes findings difficult
to generalize, as well may have limited the ability to elicit improvements. Future studies
should consider recruiting obese and overweight women only as they are likely the ones
who have the most to gain from an exercise intervention.
Another limiting factor pertains to the sampling location for the study.
Participants were recruited from one clinic in “rural” Bowling Green, Kentucky. Had
women been recruited from various locations, preferably outside of city limits, the cohort
could have potentially been more ethnically diverse, sharing different views on PA
during pregnancy. Additionally, having women from outside of the Bowling Green
community, and in the broader, even “more rural” community may have also reduced the
education level, as well as overall knowledge and beliefs of exercise and pregnancy.
Overall, we feel that the women who participated in this intervention may not have been
the ones who needed it most. Future strategies should target more rural communities with
less active and less educated women, as they could benefit more from the tools offered in
the intervention.
To ensure adequate participation in the intervention, future studies should
prioritize a substantial increase in communication between researchers and participants
between data collection time points. We admit there was a high rate of participant loss to
follow-up. Simply having two time points (1st trimester, 3rd trimester) for communication
is not enough to keep women engaged in the study, nor to elicit clinically meaningful
changes in PA. If participants in this study were motivated more frequently throughout

50

the course of pregnancy to continue being active and utilize local resources, PA levels
may have been impacted to a greater degree. However, we felt that starting with the
“minimum” to see what changes we could elicit was important. The more elaborate an
intervention becomes, the less feasible it is to maintain or use in a clinical setting.
The ultimate goal of this research is to create sustainable intervention strategies,
and thus, this was an important first step. Additionally, future studies should attempt to
educate the general rural population, regardless of whether the individual is pregnant, on
the benefits of PA during pregnancy to ensure pregnant women are surrounded by a
support system that is also knowledgeable and can encourage a healthy lifestyle. Future
studies should also use an objective assessment beyond step counts to assess PA. Yoga
was the most commonly utilized activity; however, yoga isn’t going to alter step counts
(one of the primary outcomes), but it is engaging the muscles in activity, burning
calories, and likely yielding health benefits during pregnancy (Jiang, Wu, Zhou, Dunlop,
& Chen, 2015).
Conclusion
This research provides an important overview of PA levels during pregnancy and
the beliefs surrounding PA during pregnancy in the local community. In addition, the
study demonstrates that our intervention had a very small impact on PA levels during
pregnancy, but that some of this may have been due to the population studied as well as
the “hands-off” nature of the intervention design. The findings suggest pregnant women
are not being given adequate guidance regarding healthy lifestyle behavior.
By intervening in the conversation, we hope to bridge the gap between pregnant
women and providers. We hope to make pregnant women more knowledgeable about PA
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during pregnancy while also encouraging and allowing them to partake in a healthy,
active lifestyle. Although few significant changes were revealed, many women made
healthy adjustments to their lives by utilizing the resources provided to them, and this in
many ways, feels like a significant accomplishment that we are proud of and hope to
continue. Future studies should seek to incorporate additional communication and
counseling, access to more local fitness facilities with childcare or options for child
participation, as well as include dietary advice and access to local nutritional resources to
further encourage healthy lifestyle behaviors.
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Appendix K
List of Local Resources
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Local Resource

Services Provided

Bowling Green Medical Center Wellness
Center

Prenatal yoga, Zumba, and strength and
flexibility classes

Bowling Green Parks and Recreation Fitness
Facility

Fitness and spin classes
Free weights, treadmills, elliptical/crosstrainers, stair-climbers, and exercise bikes.

Total Fitness Connection

The Preston Center

Be Happy Yoga

Total Mommy Fitness LLC

Exercise classes including water aerobics,
yoga, Zumba, and strength training
Cardio and/or strength training equipment
(treadmills, cycles, elliptical, swimming pool,
weight machines).
1 Physical Therapy evaluation
Childcare is included with services
Exercise classes including water aerobics,
spin classes, Tabata Strength, interval strength
training, yoga, kick-boxing, strength training,
plyometric training, and Zumba
Basketball courts, an indoor track, a 10-lane
swimming pool, a dance studio, and a stateof-the-art weight room with equipped with
weight machines, free weights, and cardio
equipment
Prenatal yoga

At home workout plan based on guidelines
from the American College of Obstetricians
and Gynecologists (progression of exercises
through each trimester).
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